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© Usee for enprostil. 

A treatment for Ngh levels of serum cholesterol, aemm 
glucose, and GIP by giving orally to patients in need of such 



treatment a compound of the formula- 




CM 

<J in form of a stereoisomef or mixture thereof, wherein R is 
hydrogen, or lower aikyi; X is hydrogen, hato. 
^trifluoromethyi, lower aJkyl or lower alkoxy. and the wavy 
W lines represent either the a or 5 configuratkw, but one wavy 
^line must be a when the other is ^. or a pharmaceutically 
acceptable salt of the compound wherein R is hydrogea 
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USES FOR ENPROSTIL 



This invention retatas to new pharmaceutical uses for a 
class of prostaglandin compounos having the structure; 




wherein R is hydrogen, or lower aDcyl; X is hydrogen, halo, 
trifluoromethyl lower alky! or lower alkoxy. and one wavy 
line is a when the other is S, and pharmacauticany accept- 
able salts thereof. 

These compounds have now been found to be effec- 
tive for lowering total serum cholesterol, LDL chdesterol, 
and apoprotein*B« and, surpnsingty, delaying the time to and 
suppressing the peak levels of blood glucose, GJ.P, and 
insulin, and for k)wering insulin levels without raising blood ^ 
glucose. 

The compounds of the present invention can be used 
to treat a variety of conditions where controlling levels of 
serum cholesteroi, high levels of glucose, or high levels of 
serum insulin, or atherosclerosis would be b^ieficiai. Exam- ^ 
pies of such conditions include hypercholesterolemia and 
other cardiovascular conditions, insulin dependent and non- 
insutin dependent diabetes mellitus, reactive hypoglycemia, 
and pancreatic islet cell hyperplasia (neskitobtastosis}. Also 
the compounds of this inventkin are useful tor the preven- 
tion and treatment of atherosclerosis. 

United States Patent 4.459.310 issued to Oajani ^lows 
the use of i6-lower alkyHB-hydroxy prostaglandins, such 
as misoprostol, to tower cholesterol btood levels in patients 
with hypercholestefolemia The dosage form is not specified ^ 
in this patent, nor is mentton made of LOL chotostenil or 
apoproteins. 

Komurek et al Prostaglandins, ijg, 591-602 (1978) 
reported that 15S. 15 methyl PQE2 methyl ester admin- 
istered by tube to the duodenum towered insulin levels. It ^ 
was noted, however, that there was no change in the senjm 
glucose levels observed. despHe tower insufin tovels. Intra- 
venous administration of 15S. 15 methyl PGE2 (Dethyl ester 
similarly towered insulin levels without affecting glucose 
levels. There was no change in the time to peak serum 
glucose levels foltowing administratton of the above toen- 
tified 15S. 15 methyl PQE2 methyl ester either in- 
traduodenally or mtravmxjsly. 

A relative state of insulin resistance, associated with 
normal to elevated plasma insuGn tovels. is present in adults 
with non-insulin requiring diabetas metlitus. The cause of 
this condition is unknown but it has been associated with 
excesave weight gaia A prostaglandin induced towering of 
circulating insulin levels might lead to decrease in insulin 
resistance and an improvement in the degree of diathetic ^ 
control Furthermore, in many of these individuaJs, elevated 
serum insulin levels are associated with an elevation in 
serum gastric inhibitory polypeptide (GiP). a peptide hor- 
mone found in the gastrointestinal mucosa which is widely 



thought to be one factor controiiing the release of pancre- 
atic insulin (Dupre et al., J. Clin. Endocrino Metab.^ 37, 826 
(1973)). A reductton in serum GIP levels might also tower 
the degree of insulin resistance present in some incfividuals. 

FurthenTX>re, there is a similar surge in serum GIP 
tovels in alimentary hypoglycemia, a concfition characterized 
by a late surge in serum insulin foltowing a carbohydrate 
meal and a state of relative hypoglycemia, 
(Hafii-Gaorgpoutos. et at J. Cnn. Endocrino MetahL. Jg. 
648 (1983)). 

A clintoal problem present in the treatment of diabetes 
menitus whtoh must be treated with insulin administered 
subcutaneousty. Type I diabetes, is that of coordinating the 
peak in serum insulin tovels whtoh occurs foltowing subcuta- 
neous administration of insulin with the peak in serum 
glucose tovels foltowing a meaL There may be some delay 
in insulin absorption and activity with the result that exces- 
sive surges in serum glucose may occur shortly after a 
meat The conventtonal cHntoal approach to this probtem is 
to administBr subcutaneousty a mixture of short-acting arxf 
tong-acting insulins. There is no conventtonal method for 
delaying the time to onset of peak senjm glucose foQowing 
ameaL 

A delay in the time to peak btood glucose tovels or a 
towering of the peak tovel that is ultimatety achtoved may 
improve diabetto control in both insulin requiring and non- 
insuBn requiring diabetics. 

The rote of GIP in the pathogenesis of non-insulin 
dependent diabetes meHitus. Type II diabetes, is unctoar. 
An elevation of GIP levels in assodatton with ttie non- 
insulin dependent diabetic state has been descrit)ed 
(Crockett, et al, Diabetes . 25 . 931-35 (1976)). The signifi- 
cance of our observations are unctoar. However, "current 
understanding suggests that GIP may be an important en- 
teric signal for the retease of insulin in man ... GIP may 
play a role in the pathogenesis of diabetes mellitus" 
(Crockett et al Diabetes. 25. 931-35. (1976)). 

Previous methods of towering GIP levels have included 
inductton of weight toss, restrictron of catorie intake, and 
administratton of drugs to the patient which inhibit intestinal 
gtucosidase activity. One such drug is Acarbose. See The 
Proceedin os of the PirstintBmational Symposium on Acar- 
bos^ . 1982 Exerpta Medica, Princeton. New Jersey. Acar- 
bose reduces postprandial senjm glucose and insuTin levels 
as well as postprandial GIP levels. There is no delay in the 
time to achieve peak glucose or insulin levels foflowing a 
meal however, nor is there a change in total serum choles- 
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t8f0l An improvement in the condition of patients with 
diabetes mellitus has been observed, however. This finding 
may be related to an inhibition of metaboiism of complex 
sugars in the brush border in the imestinai lumen. 

Both Type I and Type II diabetics are predisposed to 
premature atherosclerosis and cardiovascular disease. Cer- 
tain other ir»dividuais show abnormal glucose tolerance fol- 
lowir^ a meai, but are not overtfy diabetic These in- 
dividuals may also have greater than average risk of these 
disaasds, particularly if hyperchoiestBrolemta is present 



This invention provides a method of reducing total 
serum cholesterol, LOU cholesterol and apoprotein-B delay* 
ing and suppressing peak senjm glucose, insulin, and GIP 
levels in a disease state comprising: 

administering an aniount of a compound selected from the 
group consisting of 




in form of a stereoisomer or mixture thereof, wherein R is 
hydrogen, or tawer alkyi: X is hydrogen, halo, 
trifiuoromethyl, lower alkyl or lower alkoxy. and the wavy 
lines represent either the a or 5 configuration, but one wavy 
line must be a when the other is ^, or a pharmaceutically 
acceptable salt thereof. 
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This invention provides a method for lowering serum 
cholesterol levels. GiP. and insulin levels without raising 
glucose levels by administering a prostaglandin of the gen- 
eral formula: 



3 ^ 1 



1! H 



CQOR 



(I) 



OH 



in form of a stereoisomer or mixture thereof, wherein R is 
hydrogen, or tower alkyh X is hydrogen, hato. 
Wluoromethyl. tower alkyf or tower alkoxy, and the wavy 
lines represent either the a or 5 configuration, but one wavy 
line must be a when the other j9, or a pharmaceutcally 
acceptable salt thereof. 
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In particular, one especially prefenBd prostaglandin for 
use in the method of this invention is enprostil. Enprostil is 
the USAN name having the foltowing structure: 
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COOCH, 



(IbM 



Matures that are not racemic, or incfividual 
stereoisomera represented t}y formulas la. la' lb and ib* 
are covered by this invention. 

Enprostil has been shown to be an especially potent 
gastric secretory inhibitor, and is effective for treatment of 
ulcers. However, when used in the process of this Invention, 
enprostil wiO produce the claimed effects even if no ulcers 
are present 

It has been found that enprostil given in dosages of 
less thaniso pg reduces chotesterol. GIP and insufin whOe 
delaying peak serum gHJCOse levels. 

EXAMPLES 

The following non-Bmiling examples will further clarify 
the nature of iNs inventioa 

EXAMPLE I 

This Example shows the effect of orally administered 
enprostil on senim cholesterol 

A group of 20 patients with high cholesterol baseline 
were orally given 70 pg enprostil twice daily. After five 
weeks of administration eight showed no char^ge. eleven 
showed greater than 10 percent reduction, and one showed 
greater than 25 percent reduction. The median change for 
the group was 16 percent reduction, with 60 percent of the 
patients tested showing a signiffcant reduction in serum 
cholesterol. 
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A second group of 16 patients with a high cholesterol 
baseline were given 35 pg enprostil twice daily. After five 
weeks of administration seven showed no change, eight 
showed greater than 1 0 percent serum chotesterol reduction 
and one showed greater than 25 percent reduction. The 
median change was eleven percent reduction and 56 per- 
cent the patients showed semm chotesterol reduction. 

A third group of 13 rndivkJuals were given a placebo. 
After five weeks one showed an increase in chotesterol. 
and eteven showed no change, and one showed a 10 
percent decreasa The niedian change was a 2 percent 
increase in cholesterol. 

EXAMPLE H 

This exampte shows the effect of orally administered 
enprostil on serum cholesterol teveis. 

Tabte 1 shows the results of a study of sixty five 
patients given enprostil in doses ranging from 7 pg BID to 
70 pg BID to reduce chotesterol compared to 27 sut^ects 
who received placebo. 



TABLE 1 



Amount Of enprostil administered: 
Placebo TOyg 35yg 



^4% 64% 67% 



Cholesterol % decrease 15% 
(combined 2-12 week of dosing) 
Median % change o% ^17% ,13^ ^^^^ 

Number of subjects 27 28 



28 9 



To furtiier clarify the nature of these changes in a in Tabte 2. There was Assenti^k/ n« nho^ « 

prospective manner, nom^ai subjects were dosed witti en- w ^t^^ ^ ^ essential^ no change m total 



prostil for periods ranging from 'a days up to 44 days" in tnQlycerides, 
duration. 

In a 9-day placebo controHed cross-over study, with TABLE 2 

each subject serving as his own control, tiie mean reduction 
in chotesterol, Denaty Upoprotein (LDL) chotesterol. 65 
and High Density Upoprotein (HDL) chotesterol are shown 
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Mean reduction of 
cholesterol 
Mean reduction of 
LDL cholesterol 
Mean reduction of 
HDL cholesterol 
Mean reduction of 
apoprotein A 
Mean reduction of 
apoprotein B 



CONTROL 
-1.25K 
+1.7« 
-7.856 

-1.6 



These findings are surprising since the sutijects in this 
study were normocholesteroiefntc at baseBne (that is serum 
chotesterol under 250 mg/dl) and were on a free diet with 
no attempt to regulate dietary chojestero! Intake. 

Etevated totaJ serum cholesterol leveis and LDL- 
chotesterol levels are known to be atherogenia It is known 
that for every 1% reduction in cholestenji there may be as 
much as a 2% reductkjn in myocardial mortJidity and mor- 
tality, JAMA. £51. p 355-374. (1984). h appears that 
adverse cardiac events are reduced by reduction In total 
cholesterol as wen as LDL choleslBrol in an American 
population. 

This example is of further S)gn{fk:anc8 in that it showed 
that enprostil is ^HKantiy affecting the apoprotein-B com- 
ponent of the lipoprotein molecule. Apoprotein-B is primarily 
associated with LDL cholesterol as a protein carrier. 

EXAMPLE 111 

This example shows the effect of oraDy adminisiBred 
enprosfi on serum cholesterd levels in a tong term study. 

in a 44 day do^ study 20 sutject participated in a 
placebo contnjiled trial. Ten sutijects received enpiostil and 
the remainder received placeba Data was obtained from 9 
of the 10 8ut)jects who received enprostil Six of these nine 
sut^'ects showed a reductxxi of total chotesterol by 16 days. 
Three of the individuals demonstrated a reduction in total 
and LDL chotesterol ttvoughout the entire 44 day period. In 
the most dramatic example, subjject number 120, total se- 
rum cholesterol was reduced from a mean baseline of 208 
mg/dl to 123 mg^dt at day 44, which corresponds to a 43% 
reductioa Similarty there was a 46% reductkm in her LDL 
cholesterol from 140 mg/dl to 75 mg/dL This sutject was 
nonmocholesterolemk: at baseline and no dietary manipula- 
tion was attempted. 

EXAMPLE IV 

This example shows the effect of orally administered 
enprostil on serum GIP levels. Serum GIP levels are known 
to increase after meals. 



25 



30 



35 



40 



50 



55 



60 



65 



ENPROSTIL 

-15.0% 

-21.0% 

-9.2% 

-1.8% 

-16.0% 



Groups of 10 sut)jects participated in a doubfe bGnd, 
crossover study. Either the placebo or 70 jjg enprostil was 
oraQy given 30 minutes before meal time and levels of QIP 
were measured. 60 minutes after the meal stimulus the 
recipients of the placebo showed a four fold increase in 
seaim QIP. However, subjects ^ven enprostil showed no 
increase in GIP 60 minutes after the meal stimulus. 

EXAMPLE V 

This exampfe shows the effisct of orally administBred 
enprosta on serum insulin and glucose levels. 

A group of 10 subjects participated in a double Wind 
crossover study. Either a placebo or enprosta was orally 
given 30 minutes before meal time and levels of insuBn and 
glucose were measured after the meal 

InsuGn levels increased five fold in placebo subjects, 
but only two fold in sutjects receiving enprostiL In these 
same sutgects there was no statistically or cTmicafly signifi- 
cant raise in glucose levels in either group of patients. 
Therefore, enpros© held the levels of glucose at nonmal 
while lowering insulin levels: 

EXAMPLE VI 

This example shows the effect of orally administered 
enprostil on serum insulin and glucose levels. 

Eight healthy mate subject received either 70 pg en- 
prostil per day or placebo for eight days followed by a 
washout period of one week and a subsequent second 
eight-day administration during which they received the op- 
posite drug regime. 

On day 1 and day 8 of each study period the patients 
reported to the clinical studies unit fasting and were admin- 
istered 70 MO of enprostil orally in a glass of water. Thirty 
minutes later they were administered a standard breakfast 
and bkxxf samples were drawn at -30, just prior to enprostil 
administration, 0, at the time of enprostil administration, 15, 
30. 60, 90, 120 and 160 minutes. 

Peak serum glucose was measured between 30 and 
60 minutes during the placebo phase. This was delayed to 
between 60 and 90 minutes while the subjects received 
enprostil. Furthermore, the area under the serum glucose by 
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time curve was reduced by approximateJy 15-20% com- 
pared to the placebo phase. These findings were present on 
both day l and day 8 of administration during each study 
phasa 

Accompanying these findings was a marked reduction 
in serum insufin concentrations for each time point present 
on both day 1 and 8 as well as essentiany completB 
inhSxtion of senim GIP for both study days following en- 
prostil administratioa 

EXAMPLE VII 

This example shows the effect of oraDy admintstsred 
enprostil on senjm carbohydrate levels. 

10 nomial subjects participated in a 10-day placebo 
oontrofled cross-over receiving either placebo or 70 pg 
enprostii per day. On day l and day 9 of each study phase 
they orally received 5 g of a-xytose, a sugar not normally 
metabolized in man. Blood measurements for seium xylose 
were made at -30, 0, +30. 60, 120, 180, 240, and 300 
minutes following ingestion of xylose. On day 2 and day 10 
of each study phase, the subjects received a 25 g intra- 
venous glucose tolerance test. 30 minutes following en- 
prosti administraiion. 

There was a n:iarked suppression and delay to peak 
serum xylose levels on both days i and 9 of enprostil 
administration. This was accompanied by a 30% reduction 
in the amount of xylose excreted over 5 hours: 1^ g versus 
i.8g, 

There were no marked differences in the serum glu- 
cose by time curves following intravenous glucose admin- 
istration to sutfjects between the placebo and the enprostil 
groups. 

Enprostil both delays and retards the absorption of 
carbohydrates. This is a nonspecific effect since d-'Xyk)se is 
essentially a non-metabotizable sugar and is excreted intact 
in the human. The ability to supprass rapid absorptkxi of 
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glucose may fadlitata improved metabofism of sugar by the 
liver as wefl as peripheral utilization with improvement and 
control of bkxxJ sugar profiles in diabetes who are both 
requiring insulin as weO those who requve oral pills for a 
regulation of the diabetes meflitus. 

EXAMPLE VIII 

This example shows the effect of orally admtntstared 
enprostil on serum glucose levels. 

20 sutjjects participatad in a study lasting up to 44 
days. On day -8, an 20 sul)jects naceived a placebo cap- 
sule fbUowed 30 minutes later by a standard breakfast with 
serial blood measurements. Eight days later an 20 subjects 
were randomized to either enprostil 35 pg BID or placebo 
and continued dosing for a period of 30 days. On days i, 
8. and 30, they were given enprostil foltowed 30 minutes 
later by a standard breakfast with serial blood measure- 
ments. 

Mean seaim glucose curves were modified There was 
a delay from approximately 60 minutes to 90 minutes in the 
appearance of peak blood glucose levels whfch were sub- 
stantially reduced from the peak btood glucose curves 
which were measured either in those subjects who received 
placebo throughout the entire study or in the active control 
group during the placebo dosing on day -8. 

This further confirms that enprostil suppresses aruJ 
delays the absorptton and utilization of carbohydrates, par- 
ticularty glucose. 

Claims 



1. The use of a compound in the form of a stereoisomer or 
mixture thereof having the formula: 




.COOR 



wherein R is hydrogen, lower alkyl: X is hydrogen, hato. 
Wluoromethyi, tower alkyl or tower alkoxy, and one wavy 
line is o when the other is j9 or a pharmaoeutically accept- 
able salt thereof. 55 

for the manufacture of a medfcament suitable for reducing 
serum cholesterol in a disease stata 

2. The use of Claim 1 wherein the compound is enprosta. ^ 



3. The use of Claim 1 or 2 wherein the effecthre dose is 
less than 150 pg a day. 

4. The use of any one of Claims 1 to 3 wherein the disease 
state is hypercholesterolemia or atherosclerosi& 

5. The use of a compound in the fonn of a stereoisomer or 
mixture thereof having the fbrmula: 
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wherein R ts ftydrogen, lower aOcyl; X is hydrogen, hala 
trmuoromethyl, lower aflcyl or lower alkoxy, and one wavy 
line is a when the other is or a pharmac^utically accept* 
able salt thereofi 

tor the manutacture of a medicaniem suitable for delaying 
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and suppressing peak serum glucose levels tbDowing car- 
bohydrate load in a disease state. 

6. The use of a compound in the form of a stereoisomer or 
mixture thereof having the formula: 




COOR 



whw^R is hydrogen, tower aOcyl; X is hydrogen, hato. 8. 'The use of any one of Claims 5 to 7 wherein the 

trifluoromeihyl, lower atkyi or tower alkoxy. and one wavy effective dose is between 50 and 150 pg a day. 

6ne is a when the other is or a pharmaceuticaDy accept- ^ 

abte salt thereof 9, The use of any one of Claims 5 to 8 wherein the disease 

atelB is reactive hypoglycemia, non-insufin requiring (fiabe- 

for the manufacture of a modteamenl suitable for reducing tes. insulin requiring diabetes, nestotoblastosis or pancreatto 

senjm QIP levels in a disease state. ^ islet cea hyperj3lasia. 

7. The use of Claim 5 or 6 wherein the compound is 10. The use of a compound in the form of a stereoisomer 

^^P^^stil. or mixture thereof having the fomwila: 




wherein R is hydrogen, kTwer alkyi; X is hydrogen, hato, ii. The use of Claim 10 wherein the compound is enprosa 

tmtuoromethyl, tower aJkyt or tower alkoxy, and one wavy ^ 

tine is a and the other is ^, 12. The use of Claim 10 on 1 wherein the effective dose is 

less than 1 50 |ig a day. 

for the manufacture of a mecficament suitabto for preventing 
and treating atherosctorosis in a disease state. 
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treatment a compound of the fomnula: 




OH 

^ m fomi of a stereoisomer or mixture thereof, when^ R is 
hydrogen, or tower alkyl; X is hydrogen, halo, 
^"trifluoromethyl, lower alkyl or lower alkoxy. and the wavy 
CO lines represent either the a or ^ oonfiguratkN), but one wavy 
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line must be a when the other is A or a pharmaceutically 
acceptable salt of the compound wherein R is hydrogea 
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